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Abstract Festuca Arundinacea is one of the most valuable fodder plants, successfully grown in 
România. Festuca Arundinacea crop quality depends on the quality of seeds, therefore vigour tests are 
essential, as they describe the behaviour of seeds under various growth conditions. The paper aims at 
assessing the quality of Festuca Arundinacea seeds and the efficiency of the methods to determine 
them. The biological material used consisted of Festuca Arundinacea seeds, Palma variety, stored in 
uncontrolled conditions, one year after harvest. The present paper assesses several seed parameters: 
total germination, normal seedlings, abnormal seedlings, dead seeds, seed weight, as well as the 
appearance of normal seedlings ( after 7 to 14 days) through three laboratory methods : BP (between 
paper) test ( V1, V2, V3, V4), sand S test (V5) and  top of paper TP test (V6). Seed germination 
percentage for Palma variety ranged from 74% (V4) to 79% (V1 and V6). Low germination is 
especially caused by the large number of dead seeds, the main cause being the improper storage 
conditions. According to the results of this experiment, cluster analysis showed the efficiency of the 
BP test, without pre-cooling, and of TP test, in emphasizing the quality characteristics of Festuca 
arundinacea seeds, Palma variety. Sand test S, which is actually the hardest to run, is less suitable for 
this research. 
 





Banat proves good potential for producing seeds of forage plants. The favourable 
climate and the soil conditions here are the main causes why Festuca arundinacea seeds are 
produced on over 600 ha. Among the aspects that deserve special attention, in order to ensure 
the best use for this species, is the use of high quality seeds, especially in what the genetic and 
physiological components are concerned. Nevertheless, a relatively small number of studies 
focus on seed quality assessment for Festuca arundinacea seeds.   
The tests could focus on any feature that can be used for distinguishing the easily 
observable characteristics of different varieties. The methods for determining the germination 
establish the type of the germination medium, temperature, humidity, light requirement and 
the time necessary for germination.  (Han,  et al. 1995., WANG, Y.R., et al.  2001, WANG J., 
et al.,2007, Hongfei Lu  et al.,2008, Stanisavljevic R. al.,2010) 
One of the most widely used methods in Romania is the TP (top of paper) test 
(International Seed Testing Association (ISTA)-2002 , Order  155/2010, SR 1634/1999) 
The aim of the germination test is to supply reliable information regarding seed value 
for planting. The test results can be used for comparing the quality of different batches of 
seeds (Loeffler Nl et al., 1985, Adriana Luiza Wain-Tassi et al., 2012).   
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Since natural soil varies greatly in structure, chemical and biological content, it cannot 
be standardized and used as a medium for seed germination. For this reason, researchers use 
artificial mediums that can easily be standardized, such as paper, sand and a mixture of soil 
and sand.  (Bustamante L. et al.,1984, Cookson W. R. et al. 2001). 
For assessing the quality of Festuca arundinacea seeds, Palma variety, we used three 
laboratory methods: BP (between paper) test, sand S test and TP (top of paper) test. 
 
MATERIALS AND METHODS 
 
The biological material we used consisted of seeds of Festuca arundinacea (Palma 
variety) obtained in Banat -  România. The seeds were kept in the laboratory, in uncontrolled 
conditions.  
 The experiments took place at the Inspectorate for the Quality of Seeds and Planting 
Material Timiş (ITCSMS), where we performed a large number of determinations and 
observations using the modern devices and equipment found there.   
 The work methods used for determining the germination of Festuca arundinacea 
(Palma variety) seeds were: "between paper" test BP (in variants - V1, V2 and V3, V4 with 
previous cooling), "sand" test -  sand S(V5)  and "top of paper" test TP (V6).  
Work methodology: 
 BP test – between paper. The seeds are put to germinate between two sheets of 
industrial filter paper; after that, the paper is rolled and put in transparent plastic bags; the 
bags are placed in KBWF-BINDER climatic chamber, at a temperature of 20-30ºC, in upright 
position. The roll is moistened with 92.98 ml water/repetition, which means 90% of the 
industrial filter paper's capacity to retain water.  (International Seed Testing Association 
ISTA-2002, Barros, A.S.R, 1999). 
Duration of analysis. The four repetitions are kept in the germination device for 7 to 
14 days, with intermediary seedling evaluation after 7 days. For each variant, the 
determination was made in four repetitions, and in each repetition we used 100 seeds.   
For some experiments, we used Pre-cooling. This method consists in keeping the 
germination sample (which has been put in contact with a moist substratum) at low 
temperature for a certain period before transferring it to the temperature which is indicated for 
germination.    
The seeds are kept at a temperature of 10ºC for 5 days; this period is not included in 
the 14 days mentioned above as the germination period for the seeds of  Festuca arundinacea 
(Palma variety).  
The BP (between paper ) test was used in four variants: V1- alternating temperature 
20-30° C, 60% humidity, with light; V2 - alternating temperature 20-30° C, 90% humidity, in 
a bright place; V3- alternating temperature 20-30° C, 60% humidity, in a bright place, with 
precooling 10° C - for 5 days ; V4 - alternating temperature 20-30° C, 90%, humidity, in a 
bright place, with precooling 10° C - for 5 days. 
 S (sand) test – (V5). The germination layer consisted of sand on a sheet of paper. A 
thin layer of sterilized sand (for 4 hours at 200ºC) is put on a sheet of industrial filter paper. 
Then we place the seeds, they are covered with a thin sheet of paper and then the paper is 
rolled and put into transparent plastic bags. The layer is moistened with 32.4 ml water / 
repetition, meaning 60% of the maximum capacity of sand to retain water (International Seed 
Testing Association ISTA-2002, Barros, A.S.R, 1999). 
The first seedling assessment is made after 7 days, and the second is made at the end 
of the testing period, after 14 days. For every variant, the determination was made in four 
variants, each variant having 100 seeds.  
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 TP test - top of paper (V6). The determinations were made in compliance with ISTA 
rules (International Seed Testing Association) - 2002. ITCSMS is affiliated to this 
organization. According to this method, the seeds are placed in Petri dishes, on a sheet of 
industrial filter paper. The sheet is moistened first at full capacity, and after each repetition is 
initiated, the dishes are covered with a glass lid in order to reduce evaporation.  
The samples are introduced in the germinator at alternating temperature, meaning 20-
30°C. Higher temperature is alternated with a lower one. The germinating seeds are kept at 
the lower temperature (20°C) for 16 hours, and at the high temperature of 30°C, the remaining 
8 hours. The gradual change in temperature takes place in 3 hours. The evaluation of the 
normal seedlings was made at 7 and 14 days after the seeds were placed in the germinator. 
For each variant, the determination was made in four repetitions with 100 seeds each.    
In order to know the initial quality of the samples under study, we made the following 
determinations: germination (%/number) and seedling appearance at 7 and 14 days, 
respectively. We also determined seed vigour (normal seedlings, seedling weight, dry matter, 
after the final evaluation) (% and gravimetric). The following categories were observed on the 
germination layer: normal seedlings; abnormal seedlings; dead seeds. 
Statistical analysis: 
The statistical evaluation of the experimental data was made using PAST 11 and 
VISIO 5.  
 Cluster Analysis is a statistical method that groups data objects based on information 
found in the data that describes the objects and their relationship (http://www-
users.cs.umn.edu/~kumar/dmbook/ch8.pdf).  
 Cluster analysis (hierarchical clustering) was undertaken for determining the 
groupings that appear naturally in the variants presented above. Euclidian distance was used 
to calculate the distance between groups. The complete linkage was chosen as combination 
rule, which means that the distance between two clusters is determined by the distance to the 
farthest neighbour (Hammer et all, 2001., Luminiţa Cojocariu, Lalescu V. D., 2010). 
 
RESULTS AND DISCUSSIONS 
 
Festuca arundinacea seeds (Palma variety) harvested in the current year were stored 
in the laboratory belonging to the Discipline "Culture of Grasslands and Forage Plants" in 
Banat's University of Agricultural Sciences and Veterinary Medicine Timişoara, in 
uncontrolled conditions. 
 For the purpose of the present paper, we assessed five parameters of seeds (Total 
Germination, Normal seedlings, Abnormal seedlings, Dead seeds, Seed weight) using three 
laboratory methods: BP (between paper) test (V1, V2, V3, V4), sand S test (V5) and TP (top-
of-paper) test (V6). 
The BP test (between paper ) was made in four variants: V1 - at an alternating 
temperature of 20-30°C, humidity 60%, in  a bright place; V2 - at an alternating temperature 
of 20-30° C, humidity 90%, in  a bright place; V3 - at an alternating temperature of 20-30° C, 
humidity 60%, in a bright place, with pre-cooling 10°C for five days ; V4 - at an alternating 
temperature of 20-30° C, humidity 90%, in a bright place, pre-cooled at 10° C for five days. 
We marked as V5 the results we got by the S test ( at an alternating temperature of 20-30° C, 
humidity 60%, in a bright place) and as V6, the results of the TP (top of paper) test - at an 
alternating temperature of 20-30° C, humidity 60%, in a bright place. We also studied the 
number of germinated plants 7 days and 14 days respectively, after the experiment started, in 
order to get a better evaluation of the biological material under study.  
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Figure 1 presents the grouping of the parameters under study in Festuca arundinacea 
seeds, in relation to the laboratory tests made. 
 





















































Fig. 1. Assessment of the parameters under study at Festuca arundinacea seeds 
 
Figure 1 clearly presents the fact that the average value of the weight of Festuca 
arundinacea (Palma variety) seedlings was 1.33g. The germination percentage of Festuca 
arundinacea (Palma variety) seeds varied from 74% ( V4) to 79% ( V1 and V6). The low 
germination is mainly caused by the high number of dead seeds, and is less due to the number 
of abnormal seedlings. 
The first determination of the number of normal seedlings was made after 7 days. The 
results of the determinations made in the six variants are presented in Figure 2.  
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Fig. 2. Evaluation of the number of normal seedlings – after 7 days 
 
The first determination (Figure 2) in the sand test (V5) revealed the lowest 
germination rate (48-53 normal seedlings) and the BT test (Variant V3) highlighted the 
highest rate of normal seedlings (61-76). It is worth noting that, in this case, variants V6, V1 
and V4 gave very similar results, within the limits of 52 and 69 normal seedlings after 7 days.   
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The second determination of the number of normal seedlings was performed 14 days 
after the first. The results of the determinations in the six variants are presented in Figure 3.  
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Fig. 3. Evaluation of the number of normal seedlings after 14 days 
 
Figure 3 shows that at the second determination, which was made after 14 days, the 
number of normal seedlings ranged from 71 to 84, in relation to the experimental variant.  
In this determination we obtained very similar results for variants V5 and V6. 
Cluster analysis (hierarchical clustering) was undertaken for determining the clusters 
that appear naturally between pairs of parameters under research for Festuca arundinacea 

















































Fig. 4. Cluster analysis - using Paired Group, Two Way Correlation 
 
Figure 4 reveals that germination of Festuca arundinacea seeds is directly influenced 
by the number of normal seedlings and indirectly influenced by the abnormal seedlings and 
dead seeds. This is also confirmed by other studies on seed quality for this variety. (Rujan 
Cristian et al., 2012) 
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Fig. 5. Combination plan graph  – using the Euclidian distance and Ward method 
 
The combination plan graph (Figure 5) gives a description of the graph line 
representing the linking distance in relation to cluster coordinates. It is easily noticed that the 
testing variants fall into two large clusters, according to the parameters under study (total 
germination, normal seedlings, abnormal seedlings, dead seeds, seed weight). The first cluster 
(created at a linking distance of 3.2) classifies the variants of BP test without pre-cooling: V1 
(alternating temperature 20-30° C, humidity 60%, in a bright place) and V2 (alternating 
temperature 20-30° C, humidity 90%, in a bright place) in the same class with TP test, V6 
variant (alternating temperature 20-30° C, humidity 90%, in a bright place). The parameters 
under study classify the S test (alternating temperature 20-30 °C, humidity 60%, in a bright 
place), in another cluster, together with the other variants of BP test, with pre-cooling (V3 and 
V4). This proves that pre-cooling was not needed, as the seeds of Festuca arundinacea, 




Seed quality assessment through various laboratory tests provides valuable 
information regarding the behaviour of variety Palma of Festuca arundinacea, grown in the 
conditions found in Banat, Romania.  
Seed germination percentage, assessed after 14 days for Palma seeds, ranged from 
74% (V4) to 79% (V1 and V6). Corroborating the results of our studies with the findings of  
other studies on quality indices of Festuca arundinacea seeds, we can safely conclude that 
uncontrolled storage conditions lead to seed depreciation.   
 From another perspective, higher humidity of the germination medium can speed up 
seed germination for Festuca arundinacea seeds, although the situation becomes balanced at 
the end of the test (14 days). 
According to the parameters under study (total germination, normal seedlings, 




















(between paper) test, without pre-cooling, and of TP (top of paper) test, which is part of the 
same cluster. Sand test S, which is actually the hardest to run, is less suitable for assessing 
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